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RECEIVED

A'STUDY ON'TwO-DIMENSlONAL MILuMEn:R.WAVE RADAR FOR MAR - 91995
AUfOMOBlLES UNDER THE TIME SHARING MULTIEEAM METH~iew.e-_1DIca.1B8Dl

l.ABSTRACT . , CJFIlECfBfETlIiAV '
, 'Since sometime in the 19701, diffi~t1es brought about by autemobUes such as iocreasing

accidents, atmospheric pollution, and depletion of energy at the cost of their convenience have
been discussed as ~.al problems. Under these drcumstanC"'..s, projettsare planned and '
promoted inadvanc:d road-using countI'i= to solve the problems to be tackled to simultaneously

, improve safety, reduce congestion. and also to reduc! in effects on the envirc~ent by making
,roads and automobiles intelligent., IVHS in the present report is also ranked as an impo~t
project. , . .' . ..,. ' , " .' . ,

. This paper deals with the operation suppo~,system technology for AVes etc. It particularly
'concentrates on tadaT technology as a nec:ssaiy component to materialize the advanced ability to
recognize and discriminate. the extemal environment, while presenting the techniqueS using the
'time sharing multibeam millimeter wave Jadar developed~y us.

2.lNTRODUcnON
In a mixed-traffic society as we are in. it is necessary not only to ensure the safety of drivers

themselves but ensure the safety of mixed traffic. However careful each driver is in mixed
traffic, accidents do occur with "a cenain probability:' This is because advances in mechanical
engineering have brought the speed of automobiles some dozen times higher than that of human
beings. or beyond the abili1y o{ human instinc:ts to avoid danger. Under these circumstanc:s, it is
nec::ssary to establish a traffic system that enables traffic elements to avoid collisions
aut9nomously and proVide a means for inStantaneously trammitting tbe wish to act to cu~rs.
, ,Fig. l shows the configuration of.the driving support system fonningIVHSw A3 shown here,
the driving support sys~m supports and automates all or part of the steps: recognition and
decision and operation ne=saI}' for the driver's driving operation by detecting the external
driving environment with the help of sensors, computers, actuators and communications systems
at both vehicle and infrastructure sides. The extema1 environment of driving denotes a wide
r~ of external environments as viewed from the Vehicle including such factors as other
vehicles nearby, road confiF'tion, condition of road surfaces, weather and drivers. Although
the detection of exterilal driving environment is related to the essence of driving. it is the part for
which we have retied on human perceptions. Thus, in IVHS, it is also important to re3lize
external sensing teclm,iques that go beyond human perception. One of such external sensing
techniques is'radar of antcmobiles. Main possible applications of radar include supplementing
the driver's visual information and giving an alann in the event of danger (re!l' hit alarm system)
and controlling the vehicle with radar information to increase safety (vehicle-to-vehicle distance
control system). ,Table 1 Shows the radar systemsthatare possible at support levels.

3'. RADAR ENGINEERING '
3·1 Features of'Sensors and Current Radio Wave Radan

For a longtime, studies have~n made on systems for pIeVenting accidents with alarms in
dangerous driving sinmtionS, while monitoring the surroundings of the vehicle with external
sensors. Table,2 shoWs typiCal external sensors and their feannes. , .'... .

For laser radar using light, systems with a high-accuracy detecting capacity have been
developed through rapid technological innovation. but they have the drawback of being .
vulnerable to weather. ' ' , , ,

·'Radio.~ave radati deve10ped in the areas of military demand have a high detecting
capacity in bed weather (rain; mist, dust. etc.), but its practical use has been delayed by
engineering~ers in mass-producing high-frequency devic:s and compacting antennas.
Recently however. trends have been emerging toward using millimeter wavebands for ,
automobile radar in the United States, Europe and in Japan. Europe has alr-...ady determined a
frequency range: 76 • 77 GHz and 1apan is planning to use 60 GHz bands. Table 3 shows wave
specifications and systems o~ aut~mobi1e radar in Europe and Ja~.



'.. . ", '.
3-2 System RequfremeDts or Racbr . ,-' . , .'

, To know the l1ke1ihcod of a car cgniding. it is necessary to develop a radar system designed
to detect at what lo=tions, in front. bt=ide or at the Tesr. there are obstacles and hew fast and in
what directi~n they I1'C movinl as shewn in Fig. 2. ,

'RequiIemen~ for such radm' syswns differ with decelerating capacity to step the vehicles
.and the limit of vehicle velocity takeD into account. Fig. 3 shows the ~P-ing distance of a
vehicle running at velocity V and then braked at de=lerating rate a. The Cfeteetion distanc::
needed for a vehicle to be stopped Without colliding with obstacles must be above the stopping
distanc: here plus the time lag ne..-ded for the driver to operate the brakes., .

If an obstacle is moving. its velocity must also be detected accurately. The relative velocity
can be obtained by differentiating thcnwtance. Here a very high distance accuracy is required.

For a driver to know ifhis or her car will ultimately collide with anobs~ information on
the 1aterallocation of the obstacle is also needed' Furthermore. automobile radar can operate
erroneously due to ref1ectiona from guard~ or a failure to detect a tmget when the vehicle is
traveling through a camero The solution to such,difficulties is be3m scanning. "Ibe~are several
methodsof~ s~J fo~ aU!OmobiIe radar: (1) With continuous mechanical.s~g with

,'an antenna beam. discnmmatlon IS made between targets.and unnecessary reflecting objects from
, azimuth infarmation and reflected radar signals. (2) A multi-beam system that shifls several

anienDa beams. (3) A beam-steering 'system that directs the antenna in the traveling direction
when the vehicle is in a comer.

"A part from these beam scanning teclmiq~es, there is arange cut system that reduces the ,
maximum detection range when the vehicle is in a corner., "

4. TWO-DIMENSIONAL MILLIMETER.WAVE RADAR UNDER ATIME-SHARING
MULTIBEAM METHOD FOR AtrrOMOBILES '

" Considering th8.t the p1'imiry purpose of automobile radar is to supplement the human visual
, sense, we understood that miDimete:r-wave radar which exhibit! excellent properties in
. u$vorable envirOn:nents was optimal: ': ,,', ,

To make the system more intelligent and more r=liable than the conventional single-besm
radar. a time-sharing multibeam method that shifts beams electrically was selected. To improve
azimuthal accuracy. ampUtud.e-angle e:onversion which is one of me monopolize radar systems
was employed. 'The'detection distances required for radar were determined from the stopping
distances in Fig. 3. For the nec:ss~ distance accuracy. it was decided to employ a technique
that calculates relative velocity by differentiating distance data. . ,

F"lI. 4 conceptually illustrates the two-dimensional millimeter wave automobile radar under
the time-sba1'ii1g multibe!m method.

4-1 FFT ,Calc:uiation of Distance Data and'Conf1guratlon of Tlme-shariDg Multibeam
. The radar system developed by us uses an FM-CW method "to mcasme the distance to the

obstacle and cal~~' the required detection distanC2S by FFl' p~sing. Using FFI'
proc:ssing enables multitargets to be,detected.,which is difficult under the conventional FM-CW
method. Pig. Sshows calculations for deteeting dista,nces. '" '

When trying to realize a two-dimensional radar, an important problem is to cOmpose a
multibe3m with mounting on vehicles taken into account. Fig. 6 shows an outline Qf the·,
'configuration of a time-sharing multibemn. Fig. 7 shows a time chart for producing a time-
sharing multibeam. " . , "

4~2 ' Priliclplesof Amplitude-angle Conversion and Two-dimeDSionaI Radar MapplDI
, "An amplitude-angle conversion requires at least two beams. The principles are shown in

Fig. 8.Fi~. 8 (a) shows two beams detectin;i targets. Suppose that input power Ais detected at
CHI and mput~w~B. at CH2,~ shown m Fig. 8 (b). Then ca1~ the difference A.- B and
the sum A +B and obtaU1 the ratio (A - ~)/(A+B). From this ratio, the angle between the c::nter
line of each.beam and the target concerned can be o·otained. Fig. 8 (C) shows the telation '
between,ratio (A "',B)/(A +B) and angle 9 between the target and the beam centerline.



Preparing a lWo-dimensi~na1* map consisting ofpolar cOordinates as shown in Fig. 9
requires a tim~·sharing multichannel radar system consisting of several chani1els of the PM-CW
radar. described earlier, mayed in the azimu¢al direction. , ' ,

F"lI3t, the beat dane that are the output signals of the clwmels are input into the FFr
frequency, analysis to calculate spectrum data. The specuum data of the fJ:equene;t Components
cmresponds to the distanc= coordinates, and is arrayed from low frequency at the origin of the
coordinates to high. 111e channel Dumben correspond to'the azimuthal coordinates and the
spectrum daci of the charu1els 'm arrayed in the order of the azimuthal direction in scanning.

To increase the calculating accutacy of the azimuthal coordinates for the frequency spectra
mayed on the polar coozdinat=, the amplitude-angle cODvmion principles expl~d in Fig. 8,
were employed., This ,pro=ssing enables,an azimuthal resolution above the number of the
channels to be obtained fer the azi~uthal coordinates'of objects.

Using the spectnm1 da1a may obtained by the procedure above, a two-dimensional radar
Ina!'canbe~~~ntedin,PPL,' "',

4·3 P~r1orm~ EvBiuadon ' ,
, Distance ac(;macy and lateral accUracy necessary for two-dimenSional radar were measured.

,The results axe as follows:, ' " , " " , . , ' : ' .
'A comer Iefieetorbaving a ccmparabl~.reflection cross-section with a smaller car was used

as a target and distance =:uracy was measured. Pig.-10 shows the results with a detection
distance of 100 m.' ~ere, the dist;mce accuracy is within about SO em, showing that it is a very
high-accuracY radar sys1eDL . , ',', ,•

It WI!! already known that distance accuracy under an FM-CW system is determinec by the
properties of the FM oscillator. We a~ed the high distanc: accuracy shown in the figure using
a high-performance PM oscillator. This also showed that the ~ative velocity could be '
calculated satisfactorily by differentiating distance accu:racy.' .
. The comer r,efli!ctor mentioned above was p1a=d at a distance of 100 m and then late.raIly
moved at 1 m interVals witbin a range of± Sm. The results of me3Surements are shown in Fig.
11. EYidently, the 1arera1 accuracy is within about 1 m. This also shows that the system is also a
high-accuracy model of two-dimensional radar. '

" AU this proved that the "time-sharing multibeam rader· we developed had' a higher accuracy
than conventional millimeter wave rader.,· .'.' : .

': .'.

!. CONCLUSION ,.:'
The c:mmtt autOmobile traffic, systemt has such,poor infomsation communication betwe-"..Jl

its elements tbatsafety there nilies on the sensory functions of driv~. Under such. '
circumstances, it is desirable to wry out IVHS projects promptly and develop them further. It is
observed in partic;ulIr that supplementing the seDSOIj' Junctions of drlven arid making apractical
"automobile radar" beyond human sensory perception are essential to IVHS projects.· As'NBS
projects proe=d,the "'millimeter wave radar" presented here is expected to be satisfactorily .
effective..To ,Promote the spread of this millimeter wave mdar, its engineering must be changed
from conventional concentrated applications in military areas to,the private sector. It also seems
necessary to actively utilize the MMlC technology recently studied enthusiastic~ly. .
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" I Realization of mlUlmatef wave
. aulomobile radar system

"~"""I Unique systam" "
.• llme--sharing multibeam system
• AmplilUde-angie oonversion algorithm

" .• FFf processing

" ,

"" Fig. 4· Two-dimensional rnillmeter wave automoblle'rader:
:.. ' .", ..,". .under time-sharing muilibeam' system '."

, .
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Table 1. Class.lflcation by sUPPQrt levels

Support. Jevel.. Advice.system Alarm system' .Partial Partiallfull
. . . ..

automatic . automatic .

Systems .', , Advice ·on load Alarm for Intelligent Automatic run on '.
surfaces obstacles auto-eruise '. exclusive lane

I,..
. ' . .

, .' Monllorfor Alarm for· . . Lane k~eping Automatic parking .
surroundings .. ·out of lane"

..

.. .Speed limiting· Natural following in
" Alarm' for blind before entering' congestion ' ..

.. . cortier·obstacle ~urve
.,

Convoy run -
Auto-braking. . .



Table 2 Kinds and features of external sensors

..

Sensor . Features

Ultrasonic.sensofs . Commercial short~range alarms
.. Compact, low-priced, vulnerable to environment.

....
. .

.Laser radar . '. .,Commerciall~ng-range obstacle :qetection•
. hear infrared laser.

tligh~~ccuracy. high-function. ..'.,
.' .

.·Radio'r~dar . . . Long-range obstacle detection. microwave or millimeter
, . .. .. "

.. wave. " ,

.. .
High-accuracy, all~weather ..

. .
, .

.'.

lrJ:1age sensors' ~ . .Two ~imensional visible/infrared light. . .
. .' .. .

.. . . . '. D~scriminates objects and measures distances... .
. .

, .
Requires ·image processing techniqu~s~



Table 3SfJeclfications oJ automobile radarsystem~ ...
. .

in Europe and.Japan

Europe· Japan ,

Frequency.' 76-77GHz .., .59-64GHz band· ..

: .. . (59':'60GHz.~esting 'practicalization ban~)'
,

: .Bandwidth' . .'. FM-CW 100MHz Assigned frequency band' .' :'. . .,
.' .Pulse 500MHz (Frequency deviation:+ occupied bandwidth)

. Ouiput··
..

:40-100mW 10mW or less .' '. . . .'

'. ,,
.. . .

Modulation . :. (1) FM~CW . .. . (1) FM-GW (2) Pulse . . . ,

. (2) Pulse (3) Two-frequ~ncy CW'(4) SS: . .. " . .

(Iean·se··.···.··... ' . '1990 granted '. 1995,. repOrt schedule~..
....


